A complex chromosomal rearrangement observed in a patient with chronic myeloid leukemia was explained as the consequence of a multistep process. The explanation involved an initial t(9;22) translocation with breakpoints distant from the BCR and ABL1 genes followed by genomic deletions that produced the BCR-ABL1 hybrid gene. We present an alternative model that fits the origin of the patient's rearrangement better. The present model links submicroscopic inversions with the occurrence of the t(9;22) translocation and opens a new approach on the research on the disease.
Saglio et al. advanced the involvement of duplicons in the initial interaction between chromosomes 9 and 22 leading to the t(9;22)(q34;q11.2) translocation in chronic myeloid leukemia (CML) [1] . They observed a complex chromosomal rearrangement in a patient with CML and explained it as consequence of a multistep process. Their explanation started with a t(9;22) translocation with breakpoints distant from the BCR and ABL1 genes; then, specific genomic deletions occurring in a cell with such t(9;22) translocation produced the BCR-ABL1 hybrid gene (Figure six b in [1] ). Here, we present an alternative model that fits the origin of the patient's rearrangement better and also opens a new focus on the research on the disease.
The clue supporting our proposal comes from their own data [1] , which strongly support the presence of a partial duplication of the sequence covered by the BAC RP11-65J3, which maps at chr9:132090540-132244817 ( a ). The first of these duplicated segments is the one identified by sequencing the junction of the BCR-ABL1 hybrid gene, which includes the 886 bp-126 base-pair (bp) segment [1] . As for the second duplicated segment, we infer that it is included in the sequence observed as a faint red signal on the der(9) (Figure two b in [1] ). This inference is based on the finding of shared sequences on chromosomes 9 and 22, revealed by fluorescent in situ hybridization (FISH) with the BAC RP11-65J3 probe [1] , described by us according to the ISCN (2013) [3] as 22pter → BCR-intron14::886 bp-126 bp → ?::ABL1-intron1 → 9qter, calls for the union of the 886 bp-126 bp → ? duplicated segment with the ABL1-intron1 − in a direct orientation − before the occurrence of the t(9;22) translocation. This premise led us to hypothesize the existence, for that patient, of a constitutional derivative chromosome 9 (der(9)c), carrying two rearrangements: a direct duplication of part of the BAC RP11-65J3 sequence which includes the 886 bp-126 bp → ? segment, and an inversion of~1.4 mega-base as shown in Figure 1B . Such der(9)c could result from a meiotic inversion in an ancestral chromosome − bearing an inverted duplication of part of the BAC RP11-65J3 sequence − with breakpoints being located in the ABL1-intron1 and within the duplicated segment of the BAC RP11-65J3 sequence ( Figure 1C) . Then, the t (9;22) translocation results from non-allelic homologous annealing of the duplicons located on each chromosome, subsequent recombination within such pairing structure, and a particular resolution of the Holliday junctions ( Figure 1D ). The der(22) generated in our model ( Figure 1D ) contains the BCR-ABL1 fusion signal detected by FISH with the Vysis dual color probe and is also congruent with the specific reordering 22pter → BCR-intron14::886 bp-126 bp → ?::ABL1-intron1 → 9qter. On the other hand, the der(9) depicted in Figure 1D is consistent with both the faint red signal of BAC RP11-65J3 and the green signal of CTA-221G9 probe observed on the der(9) (Figure two [1] presumably were lost as a circular acentric fragment ( Figure 1D ), a mechanism that can indeed account for most deletions related to the der(9). Moreover, the simultaneous occurrence of all these rearrangements, as predicted by our model, would better explain the absence of a more basic clone (i. e. the clone with the t(9;22) translocation but without deletion of ABL1-BCR sequences), both in the Saglio's et al. patient and in others cases described elsewhere.
Finally, our contention is supported by some small constitutional inversions implicated as predisposing factors for chromosomal translocations [4, 5] . Chromosomal inversions on 4p16 and 8p23 are related to the recurrent t(4;8)(p16; p23) translocation and were detected in 12.5% and 26% in non-affected control population [4] . Whether the der(9)c was really present in the Saglio's et al. patient remains to be determined; however, there exists enough evidence in their work to hypothesize the involvement of an inversion which, on its own or in conjunction with the duplication, could be an etiologic factor of the t(9;22) translocation, in that case and, possibly, for most patients with CML. Figure 1 Non-to-scale diagram to explain the chromosomal rearrangement observed by Saglio et al. [1] . A) Normal 9 and 22 chromosomes displaying some sequences of interest. Aqua box represents the ABL1-intron 1 sequence. Dark-blue box denotes the ABL1 sequences downstream from intron 1. The depicted BCR gene sequences are split by the breakpoint. Duplicons were oriented according to information obtained from [2] and from the Database of Genomic Variants [http://dgv.tcag.ca/dgv/app/home (GRCh37/hg19)]. B) Proposed constitutional derivative chromosome 9 (der(9)c) carrying an inversion and a direct duplication. C) Hypothetical ancestral chromosome by which the proposed der (9)c could have been originated. D) Non-allelic homologous annealing − mainly at regions of duplicons − followed by recombination at specific points, renders the t(9;22) and a circular acentric fragment. For full explanation see text. 
